AN INFORMAL REVIEW of recent issues of Circulation will suggest that sophisticated approaches to the design and analysis of scientific studies are in frequent use in cardiovascular research. This article examines biostatistical practice in cardiology more formally by reviewing the statistical content of a consecutive series of investigations reported in volumes 31 (1965) and 71 (1985) of Circulation. I find that the role of biostatistics in cardiovascular research has increased substantially since 1965 and that advanced statistical methods are commonly used in current research. These comparisons provide a basis for identifying the statistical methods and concepts important to cardiovascular research and to a critical reading of the literature.
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A small empirical study. Adapting methods developed in a much larger study' of uses of statistical analysis in the New England Journal ofMedicine, I reviewed all uses of statistical analysis in the first 25 "Original Articles" published in volume 31 of Circulation and the first 24 "Clinical and Laboratory Investigations" published in volume 71. For each article, the presence or absence of statistical methods in each of 10 categories was recorded. Other categories not encountered in these 49 articles were not included in the list. I analyzed the data in two ways. First, I computed the percentage of articles using each category of methods. Second, I defined an ordering of categories similar to that frequently used in introductory courses in biostatistics and computed the number and percentage of articles accessible at each level of the list of categories. An article was classified as accessible at a given level if it used only statistical methods in that category or in categories appearing earlier in the list. For example, six (25%) of the articles in volume 71 used no methods beyond the t test or statistical analysis of a 2 x 2 table (table 1) .
To quantify frequency of use of study designs requiring specialized statistical methods, I determined whether each study employed parallel comparisons (comparisons between groups of subjects), self-controls (comparisons between responses of the same subject at different times and possibly under different conditions), and follow-up of subjects for discrete events such as death or reinfarction. Some studies had more than one of these design characteristics. I also identified studies as case reports when they reported data from one or two subjects.
The change in statistical content of the journal over the past 20 years has been quite remarkable. Of the 25 articles reviewed from volume 31, only two used any statistics beyond ordinary descriptive methods (table 1). One of these two articles reported the results of a paired t test; the second used simple linear regression. In volume 71, however, only one of 24 articles reviewed did not use statistical techniques. Of the 53 methods used in those 24 articles, 34 (64%) could be considered, somewhat arbitrarily, to be basic methods, those typically taught in an introductory one-semester course in biostatistics. The remaining 19 (36%) were classified as advanced methods, those frequently but not always taught in a second course in biostatistics. Fourteen (58%) of the 24 articles from volume 71 used at least one advanced method. The 24 articles from 1985 reported 11 "advanced" uses of linear models (multiple linear regression, analysis of variance, and multiple comparisons procedures), one use of multiway contingency tables, and seven uses of nonlinear regression.
Analysis of the design characteristics of the two sets of studies was also instructive (table 2). Studies involving (parallel) comparisons between groups of subjects, self-controlled designs, and follow-up for events, although more frequently reported in 1985, were common in volume 31. One class of studies, the case report, represented six (30%) of the studies reported in volume 31, but none of those from volume 71. Aside from the more frequent use of the case report in volume 31, the distributions of sample sizes of studies reported in the two volumes were similar (data not shown). These comparisons suggest that the increasing use of statistics in scientific reporting is attributable primarily to changing expectations regarding the analysis and presentation of studies rather than to dramatic changes in the design characteristics of the studies being reported. Implications. These data indicate that advanced biostatistical methods are in frequent use in cardiovascular research. From one biostatistician's perspective, the mix of statistical uses found in recent issues of Circulation represents a high level of sophistication in the spectrum of current biostatistical practice in medicine.
What motivates this change in statistical practice? One unifying theme, of course, is increased awareness of interpatient variability and heterogeneity of response as a possible explanation for differences between risk factor or intervention groups. We now require measures of variability and statistical significance to aid in the interpretation of observed 308 differences. More complex designs, especially those involving randomization, are also used more frequently to reduce or eliminate selection bias in comparisons between groups. Because of patient heterogeneity, multivariate methods (methods that model the relationships among several variables) are needed to adjust comparisons between groups or occasions for differences in variables known to predict response. These adjustments are useful in randomized studies and essential in the analysis of observational data or nonrandomized studies of interventions. Moreover, different multivariate methods are needed in the analysis of different types of variables. Logistic regression, for example, was developed for regression analysis of binary (yes or no) outcomes and life-table regression methods were developed to analyze survival time data.
Similarly, special techniques such as repeated-measures analysis of variance are required in the analysis of self-controlled studies to account for correlation between multiple observations of the same subject. (Methods for the analysis and reporting of repeatedmeasures data vary considerably among articles published in Circulation, and in other journals as well.) Finally, the increasing complexity of statistical practice in cardiology is part of a trend toward increasing complexity and methodologic sophistication in cardiovascular research.
To summarize: Factors motivating the use of complex statistical methods in cardiovascular research include patient heterogeneity and its potential effects on comparisons between groups or occasions, the need to simultaneously investigate several variables influencing response, the variety of types of end points under study, the correlation between responses arising from repeated observation of subjects, and, in general, the growing complexity of the design and conduct of cardiovascular research.
Although the details of these methods are not easily explained to nonstatisticians, their conceptual basis and the results can be explained in terms of widely appreciated ideas. Many physicians, for example, now Translation of the results of specialized statistical analyses into terms that address the relevant medical issues and communicate the results to medical readers is an art, and one that is practiced with good success in Circulation. Given these circumstances, a background in biostatistics will be useful to cardiologists, especially those interested in research. Some of the relevant information can be obtained from a first course in biostatistics, or independent reading of introductory textbooks such as those by Colton,2 Glantz,3 and Gore.4 For cardiologists with special interests in biostatistics, the equivalent of a second semester of coursework can be devoted to coverage of the more advanced topics increasingly used in cardiology and other chronic disease research. In part, these topics will be found in most second courses in biostatistics. They include multiple linear regression and analysis of variance, including multiple comparisons procedures. Repeatedmeasures analysis of variance, an infrequent topic in second courses, requires special attention. Wallenstein et al.5 discussed the important role of repeated-measures analysis in cardiology and reviewed some of the key methods.
A second course in biostatistics should also discuss logistic and life-table regression methods. Because the conceptual approach to model development in these two settings closely parallels multiple linear regression, these topics can be introduced after material on linear models, with discussion of the special issues raised in regression analysis of binary outcomes and survival times.
Finally, such a course should include discussion of principles of study design important to cardiologists. These include methods for the design of randomized clinical trials,6 studies involving repeated measurements, and studies involving long-term follow-up.
Those wishing to learn more about biostatistics will also be interested in recent publications discussing biostatistical practice from the perspective of the medical literature. Statistics at Square One4 is based on a series of articles in the British Medical Journal addressing topics of concern to medical investigators. A recent book7 based on an ambitious study of statistical practice in the New England Journal ofMedicine contains innumerable insights about statistical principles and practice in medicine. Two sets of articles, one on reading clinical journals8 and the second on interpreting diagnostic data,9 approach data analysis and interpretation from the perspective of clinical relevance.
Advances in computing. Every member of the medical community is aware of the exploding use of microcomputers in medicine. Until recently, the role of microcomputers in data analysis has been limited, primarily because many statistical packages have not been available for microcomputers. This situation is changing rapidly. Two popular packages, BMDP'0 and SPSS,`' have released packages for the IBM-XT and compatibles, and SAS'2 is in the process of releasing a package for the IBM-XT. STAT80,13 another popular package, will soon be available. All of these packages and others not listed here have, or will have, the capability to carry out the basic and advanced analyses listed in table 1. Many medical groups are combining statistical packages with locally developed statistical software to create individualized data analysis environments.
These developments are only the first steps in what will be a rapid expansion of resources available for microcomputer-based data analysis. These new systems will free investigators from reliance on remote computing facilities. In the more distant future, analysts may make increasing use of expert systems, statistical packages that guide the analyst through the implementation of a complex use of statistical methods in the analysis of a particular data set.
Thus, we can anticipate rapidly growing availability of sophisticated statistical analysis capability in many research groups. Many investigators will choose to take more direct responsibility for data analysis. Indeed, those who designed and directed a study are uniquely sensitive to its special features. Of course, the design and analysis of studies appropriate for contemporary research will require more than tools; it will require understanding of the methods. Systematic and extended study is the only way to achieve that understanding. Given many competing demands for time and energy, not every cardiologist will choose to make this commitment. Many investigators, however, will develop that expertise. Such individuals will play an important role in advancing cardiovascular research and its methods.
